Introduction
The Hong Kong manufacturing industry has always been export-oriented, and its success has been attributed to its flexibility and adaptability to frequent changes of market demands, its versatility, and industrious human resources. Power Engineering and computer applications in power systems. He has over 75 papers in journals and conferences and has co-edited a book. marketing, purchasing, distribution and engineering. This mode of operation is complex and demands the local manufacturing office to liaise with their remote production plants in production planning and control (PPC>. For example, there are problems related to the planning of materials, dispatching jobs for production, and quality assurance. In fact, the rationalization of the whole PPC function can be troublesome and time consuming.
Confronting with these challenges, the manufacturing executives call for the use of a Decision Support System (DSS) to assist timely decision making in response to the fast-changing market. A DSS is an interactive Information Technologybased system. It is designed to make adequate provisions for effective decision making. If a DSS is in place, these manufacturing executives would use it as a vehicle to "supply the relevant information to offer guides to a decision that commits peoples at the various levels of a manufacturing operation in providing resources to do work" [7] . Table 1 Typical use of DSS in production planning and control (PPC). [30] . These characteristics can be used as guidelines in making adequate provision for effective organizational decision making in PPC.
Firstly, distributed decision making, coordination and cooperative work are of paramount importance in PPC. In production management domain, distributed decision making is often required where a set of related decisions is distributed among a set of organizational decision makers and needed to be coordinated.
Coordination will mean the act of managing interdependence between various decision making activities of various decision makers. This interdependence may be of various types [19] The company had tried to implement company-wide computerization (mainly personal computers) but this was not successful. The production dropped to one fourth during that period. The project was abandoned after six months and the electronic data processing department was closed. Only a few modules for production control, and Bill-of-Material (BOM) processing were still used. Because of this, a very conservative approach towards computerization was taken in subsequent attempts.
Scope of the study
The operations of the company were dependent on three factors:
Because of these factors, the management of the company was intertwined with considerations of its financial situations, project control, order control and material control. But project control was most important, as it could affect customer service. In spite of this, each project was considered generically similar, see Figure Ia .
The identification of project control points followed the order cycle. It was realized that every production unit (i.e., remote plant) was regarded as a black box, while stock control points were monitored before and after each box (see Figure  lb) . Such decomposition of the overall PPC structure was based on the assumption that complexity could be reduced by self-contained sub-systems with clear and well defined operational characteristics [4] . Operational planning and control were achieved by work order release functions and inventory controls that were to be supported by other related work documents (e.g., materials list and manufacturing instruction). Project control was achieved at higher aggregated levels: typically at the final assembly schedule. The scope of our study was limited to the manufacturing operations (mainly PPC) in Hong Kong. Even though shop floor decisions and activities are excluded, the activities are still very complex. They are summarized in Table 4 . The interdependence of the activities highlights the need for coordinating decision-making in different departments.
Problems in the operations
As a consequence of the relocation of plants to China, the staff in the PPC had to monitor a wider span of activities in geographically separated plants. Therefore, both focus of control and field of actions had diverged. The planning for day-to-day production was not easy. The PPC function was consistently criticized as the bottleneck that hampered production.
This could partly be attributed to the increase in work load. But The situation was further accentuated as customer order changes were frequent and they were hard to anticipate.
Staff in PPC were presented with a lot of operational difficulties which came as a consequence.
For example, they needed to change their order bookings as frequently as possible in order to reflect the impact of the change to the revised schedules.
One strategy was to delay the issue of the final schedule as late as possible. However, it was partially effective. As decisions were interdependent, the gain in one decision maker was at the expense of others. Given little information in advance, reactive decisions are made solely based on intuition, experience, and personal judgement.
It might appear that computerization could help in these circumstances.
But the staff were sceptical.
Their perception was that computer systems were inflexible especially when changes would be required due to new order or order changes. They expressed their distrust by saying that they were too busy with their daily work to spare time to learn the computer systems -or else that it was too difficult for them to use.
In The data discrepancy problems meant that no one set of data could be trusted for production planning.
Conceptual foundations of ODSS for PPC
Given the aforementioned PPC context, some managerial considerations were come across. These considerations, when accepted by the management and production staff, gave them insights in making better provision for effective organizational decision making. These considerations and insights are summarized in the following sub-sections with an objective that they can be used to provide cues tending to sensitize management to articulate the meanings of "adequate provision" for effective decisions in a PPC context.
Integrative decision support for PPC
PPC may be considered to be a series of interlinked planning and control loops. Integration is through establishment of inter-loop linkages at various levels, e.g., the item, BOM, order, fund flow, project, and department.
The generic use of an ODSS can be categorize into the methods for (1) planning future operations;
(2) communicating scenarios; and (3) monitoring operations (i.e. providing information for short term decision making or special analysis). With respect to this categorization, each PPC loop could be considered to be similar to the extent that it includes the following common activities. possible to design the necessary data models, system outputs, the control parameters, and the system inputs.
(a)
Such design considerations are covered elsewhere [2, 27 ].
An example is given in Figure 2a . A tabular view of the Data is shown in Figure 3. 
Application of visual modelling
From an information processing perspective, production staff can benefit from making use of visual models and quantitative aids which aid their decision making through improvement in information aggregation, analysis, and presentation. As every order cycle involves transactions to both open and close an order, huge amount of data about the order status need to be monitored. The dynamics of the order transactions could be modelled by a linear step function where each variable of interest in the transaction is taken as a step change with respect to time. The change in the variable of interest (e.g. order status) therefore is a function of time. It is represented as a time-line to be displayed graphically.
Here, the change of incoming and outgoing quantity of any particular item are of interest for order status monitoring and tracking. The interrelationship between the two lines represents the dynamics of interdependency.
The two major dynamic patterns of interest are: change in materials shortage and surplus with respect to time and change of item lead time with respect to time. The former is modelled by the vertical separation between lines (the stock on hand), while the latter is modelled by the horizontal separation between lines (the lead time relationship).
Whenever these two lines cross each other, it indicates materials shortage. This concept will be clearer if the gap distance between the two lines is represented as the balance and shown on a separate graph (see Figure 2b) .
The graphical modelling technique is very useful because it can be applied to a wide range of applications, for example, every stock point in the order cycle could make use of graphics to avoid information overload of the stock keeper. Provided that the order booking is available, this tool could also be used to project order bookings to visualize future requirements.
It constitutes an early warning window for anticipating materials shortage in advance.
User-oriented DSS development
The manufacturing business is required to respond to a changing market, therefore production staff require timely operational data to make informed decisions in a responsive manner. Such decisions could be guided, to a limited extent, through planned intervention and supplemented by human intelligence.
It is essential that operational decision makers are made responsible for solving problems in the complex business environment and making continual adaptations to the system.
As the change is frequent and rapid that software for production planning and control has to be maintained to meet the changing circumstances. Rigid program structures are one of the most significant limitations in using computers for live applications [7] . Every change (e.g. product structure re-configuration or material substitution) requires modelling before putting into operation.
In extreme cases, manufacturing might begin even though the product had not been thoroughly prototyped. With such (little) information, hardly anything could be modelled.
With the development of more sophisticated user-oriented system development tools, the skill required for system development is lowered, at least for less complicated applications. Some end users (in this case, the production staff) begin to develop applications for their own specific needs. Staff can be encouraged to use the opportunities.
ODSS technology adoption and diffusion
The fundamental improvements of adopting ODSS in manufacturing stem from structural reform in the organization [71: i.e., reviews of operating procedures, revising standards to meet the current needs, user training and management commitment in providing resources, etc. Production staff's prior experience, perception, and expectation inevitably affect the nature of the system requirements.
Therefore, in organizing a system development project, it is necessary to extend it to cover preparatory works needed for making changes, such as revision of policy or renewing obsolete procedure.
Similarly, it is desirable to consider these in the ODSS design. The changes will inevitably be regarded as process innovations. Their adoption process in general consists of the following stages: i. ii. . . .
111.
iv. Initial successes motivated the production staff to participate by forming informal groups to explore further opportunities for improvement. They began to team up for ODSS developments. Interest groups and project teams were formed for joint application developments. This suggested that consensus was being formed between organizational members in resolving conflicts and realizing the challenges of ODSS development. structural weaknesses into preplanned decision procedures and building them into the BOM processing. These tasks at background were requisites to supporting the subsequent ODSS design and development.
They were regarded as custodial or administrative developments.
In fact, these are another kind of administrative innovation to the organization.
Some typical examples are given in Table 5 .
On-going improvement

Preparing for operational rationalization
A properly designed and structured BOM is extremely important for management of production and product information (especially in a vertical manufacturer).
Any discrepancy in its structuring or processing logic could be regarded as a form of structural weakness in the design.
A strategic plan for the next three years was developed. The goal was to create an early warning window that would highlight further material shortage.
The essence is to project the order bookings into the future and shown the impact on the graphic window using the visual modelling techniques outlined in section 3.2.
In this case study, as the manufacturing staff learnt about the concepts of embedding preplanned decision procedures in the BOM processing, they began to realize that there were a lot of structural weaknesses in their existing BOM structure that prevented them from reaping the potential benefits for integrated production planning and control. Before specifying any Information Technology solution, method and process were redesigned with an objective of turning
The pilot project was selected because it was a major component in over 70% of the finished goods. It helped the PPC to avoid materials shortages. The early success motivated both the management team and user group to increase the project to cover a wider span. Therefore, it involved the full sub-assembly of parts, and subsequently all sub-assemblies and finished goods as well. The scope of the project was also extended to include every order booking; this typically consisted of materials allocation, materials onorder, and outstanding orders. The structuring of preplanned decision into the BOM processing was decomposed into a series of tactical plans. They are complementary to Table 5 Example custodial projects with objectives to overcome structural weaknesses.
Project Variety reduction
Prime objective Targeted structural weakness
To design a generic BOM so that it is applicable exception handlings related to option items. (group tech.) to all order types, whether it is make-to-stock, substitute items, mock up, customer order make-to-order or assemble-to-order. changes, etc.
Part master with bi-linTo rationalize the coding system, and also 
Setting-up an IT infrastructure
Shortly after execution of several projects, the management and some of the production staff realized that the ODSS project was not a single project, but it was a series of on-going projects. Matrix project organization has been set up, see Figure 4 . In fact, the way that identification of DSS along the business cycle (i.e. order cycle) was found to be instrumental in achieving seamless integration of these various projects. The primary projects are: system architecture was redesigned to be a Client-Server based; data capture terminals were set-up in the PRC plants and connected to the host systems in Hong Kong through modem. These system changes not only facilitated integration of T-MRP with the existing system but also reserved much flexibility for further system enhancements.
Implications to management
The company wide implications of the ODSS development were apparent to management and production staff: The structural weakness in the BOM structure and inconsistent data were improved; staff in various departments began to integrate their order bookings, and project them into aggregated demand and supply at various levels of control; the evaluation function offered by the warning window helps to assess materials shortage in advance; and there was a behavioural change in the organization associated with the ODSS development; the decision making style changed from confrontative to collaborative. The staff in the PPC began to try more peripheral ODSS developments. These eventually turned into incentives that motivated both management and staff to sustain the ODSS development. As a result the management team decided to consider a new strategic plan for the next three years. The previous work laid the foundation towards integrated manufacturing, and encouraged management to include other areas in future ODSS development, e.g. Engineering Design, Shop Floor Order Dispatching. 
Lessons learned
Collaborative team work
Information systems research challenge
With an ODSS, the user and their systems capabilities are constantly pursuing forthcoming challenge; but there will never be a complete solution.
There is a consistent criticism [3, 10, 21, 28] 
Conclusion
In this paper, a case study of development and adoption of an ODSS in a small manufacturing enterprise is described showing the value in paying attention and supporting the design process as well as users' social process of learning and innovation.
The mechanism that provides opportunity and constraint is discussed illustrating the adoption and implementation strategies to address these issues. The technical system was institutionalized in the case organization. Further ODSS development will hinge on parallel development and adoption of technology as an effective strategy for continuous operational improvement; and the extension of the experience to an ODSS for integrated logistic management is under discussion.
The study is aimed to assess the need of development and enrichment of ODSS as primary component of strategic IT platform in general and for small manufacturing enterprise in particular. At the same time the development of such system has to be concerned jointly with the need to manage technological innovation with organizational change and human resources development. One condition that improves the chance of creating a success out of a new market niche would depend on the presence of a co-design process which brings out the best from the people. The DSS is employed to channel the creativity of these highly competent people in a responsive manner for the parallel process of design, development, testing, implementation and institutionalization of ideas so that the business continues to offer a product or service of "value" to the customers.
The challenge in adopting a DSS is to convince the organization the need to acquire a new mental set while the transformation of the organization is taking place with the use of the DSS.
Persuading
the organization a need to change its management style is more than an announcement for the adoption of a new organizational structure. Once again, human creativity holds the key in which an infrastructure of competent people could be strategically located to maintain business continuity.
If the teams of competent people are developed over time internally, this reduces the need to take excessive risks which otherwise might threaten business continuity.
The ODSS is the state-of-the-art managerial perspective found useful in the case study to develop these teams of competent people. The ODSS also guides the formulation of a framework for using DSS in manufacturing management. Given an organization has acquired this managerial perspective of using ODSS, one might venture to say that the teams of competent people are better equipped to drive the organization faster than competitors could in anticipating and managing emerging technologies for organizational innovation.
The business would prosper with these talents operating and creating new market niches.
Project of the nature as described in the case study requires extensive technology transfer. 
